Ferroelectric (PbTi03 or Pb(Zr,Ti)03) thin films have been successfully prepared on Si(100) or pyrex glasses by backside deposition of intense pulsed ion beam evaporation. The ion beam parameters were typically beam energy = 1.3 MeV, ion-current density on target = 0. 7 kAlcm 2 , pulse duration = 50 ns. The composition of the thin films was good agreement with that of the original target. The relative dielectric constant at 1 kHz was obtained to be 20, while that by normal front side deposition was 150.
I. Introduction
Many perovskite thin films have been extensively investigated because of their big dielectric properties. The preparation of the ferroelectric thin films have been attempted using sputtering, 1 , 2) metal organic chemical vapor deposition,
3 ) sol-gel process 4) and pulsed laser deposition. 5) As is known, they normally need a heating process. However, in the PbTi03 (PTO) and Pb(Zr, Ti)03 (PZT) thin film preparation, the content of Pb in the thin films tends to be poor in high temperature deposition because the vapor pressure of Pb or Pb oxides is so high. Therefore the composition control of thin films is one of the most important problems of PTO and PZT films. In this work, we have proposed deposition of PTO and PZT thin films at room temperature, using a backside pulsed ion-beam evaporation (BS/IBE) technique. 6 -17) In the previous study, the composition ratio of the BaTi03 thin films prepared by BS/IBE has been found to be Ba:Ti:O = 1: 1:3, being in good agreement with that of the target. 17) Therefore, we expect that the films of the good stoichiometry with the target can be prepared by BS/IBE technique. In this paper, the preparation of the PTO and PZT thin films prepared by BS/IBE will be presented. Figure 1 shows a schematic of the BS/IBE configuration. In the normal IBE method, where the substrate is placed in front of the target, morphology has been observed to be poor with many droplets. To obtain the smoother surface, BS/IBE technique was used to prepare the thin films. The substrate is placed on the reverse side of the substrate holder. By the presence of the target holder, the substrate is shielded out from the ablation plume, and hence the droplets or splashing particles as well. Although the deposition rate is approximately one order of magnitude less than that by the normal IBE, the film surface has been found to be very smooth.
II. Experiment
The experiment has been carried out by the intense, pulsed-power generator, "ETIGO-II", 18) at the Nagaoka University of Technology. The ion beam parameters were typically as follows: Vd (peak diode voltage) = 1.3 MV, Id (diode current) = 70 kA, Ji (ion-current density on target) = 0. 7 kA/cm 2 , 1: (pulse duration of JD = 50 ns, Pi (= VdJD (ion-beam power density) = 0. 6 GW/cm 2 and Ei (energy density calculated by integration of PD = 25 J/cm 2 . It is found experimentally that the beams are mainly protons (> 80 %). The beam-target interaction area was 2-cm in diameter. As a target, we used polycrystalline PTO (96 % purity) or PZT (99. 9 % purity).
The distance between the target and the substrate holder was 40 mm. The substrate consists of a (100) oriented silicon wafer or pyrex glass. The chamber pressure Figure 2 shows a typical image by atomic force microscope (AFM) of the PTO thin films on Si (100) substrate. As shown in Fig. 2 , no droplets or pinholes can be seen on the surface. The surface roughness has been observed to be Ra -5. 1 nm and Rms -7. 8 nm. Fig. 3 (a) ), Pb:Zr:Ti:O = 1:0.5:0.5:3 ( Fig. 3 (b) ).
III. Results and discussions
As shown in Fig. 3 , the composition ratio of the PTO and PZT thin films are exactly the same as that of the target, in spite of the present experiment has been carried out in a vacuum of 3 x -2
10 Pa. This shows that the preparation of thin films is possible even in a vacuum without the depletion of oxygen, which is a serious problem that often happened in the pulsed laser deposition.
Substrate:Pyrex BS/lBE, 3 shots ... . Fig. 4 (a) , the dielectric constant of the film prepared by BS/IBE is obtained to be 20 (1 kHz). However, the dielectric constant of the film prepared by FS/IBE is seen to be 150 (1 kHz, Fig. 4 (b) ). Such a difference may arise from the facts that the plasma density by FS/IBE is much higher than that by BS/IBE, and that subsequently the substrate temperature by FS/IBE will be enhanced. The increase in the substrate temperature will increase the dielectric constant by the promotion of the crystallization.
IV. Summary
The preparation of PTO and PZT thin films have been successfully prepared by backside intense pulsed ion-beam evaporation.
The composition of the thin films was good agreement with that of the target, giving good stoichiometry. The relative dielectric constant at 1 kHz are 20 and 150 prepared by backside and normal IBE, respectively.
